SEMCONDUCTOR LASER WITH LIGHT EMITTING SLANT PLANE AND METHOD
OF MANUFACTURING THE SAME
BACKGROUND OF THE INVENTION a) Field of the Invention
The present invention relates to a Semiconductor laser, and more particularly to a Semiconductor laser with a light emitting Slant plane and without a buried mesa Structure.
b) Description of the Related Art
Visible light semiconductor lasers of a 0.6 um band have recently been regarded as a promising light Source capable of improving the performance of optical information pro cessing Systems Such as point of Sales (POS) systems, optical disk drives, and laser printers.
Conventional typical Semiconductor lasers use a buried mesa Structure. Specifically, an epitaxially laminated Struc ture including an active layer is mesa-etched to define the lateral width of the active layer, and thereafter the mesa structure is buried with material of a low refractive index.
AlGainP based semiconductor lasers have been expected to be used for visible light semiconductor lasers of the 0.6 lim band. AlGalnP material is required to be grown by metal organic vapor phase epitaxy (MOVPE) or molecular beam epitaxy (MBE) because of the necessity of controlling composition of Al. With these growth methods, it is very difficult to grow a layer containing Al on an underlie layer containing Al because it is difficult to avoid Surface oxida tion. It is therefore difficult to obtain a refractive index distribution suitable for lateral mode control by burying the mesa Structure with material containing Al.
Low cost, low threshold current, and high power are required for visible light Semiconductor lasers of the 0.6 um band. High and Stable beam characteristics are also desired, for example, a high kink level, a high quantum efficiency, a low power consumption, far and near field patterns with a Single peak, and low beam astigmatism.
If a Semiconductor laser can be manufactured by a Series of MOVPE processes, an AlGanP based semiconductor laser can be manufactured at low cost.
Various proposals of forming a laser Structure by a Series of growth processes have been proposed.
SUMMARY OF THE INVENTION
It is an object of the present invention to provide a Semiconductor laser capable of being manufactured by a series of MOVPE processes.
According to one aspect of the present invention, there is provided a Semiconductor laser comprising: a Stepped Sub Strate of group III-V compound Semiconductor exposing on a Surface thereof upper and lower flat planes having a (10 O) plane or (n 11) A plane (n being a real number, 7.<n) and a Slant plane having an (m 1 1) A plane (m being a real number, 2sms 7), the Slant plane coupling the upper and lower flat planes, a lower clad layer of group III-V com pound Semiconductor formed on the Surface of the Stepped Substrate; an active layer directly formed on the lower clad layer, the active layer having two flat planes exposing the (1 00) plane or (n 1 1) A plane (n being a real number, 7.<n) and a Slant plane exposing a (k1 1) A plane (k being a real number, 3sks 7), the Slant plane coupling the two flat planes, and an upper clad layer of group III-V compound Semiconductor directly formed on the active layer, the upper clad layer including a current blocking layer formed in regions along the flat plane at a certain depth, wherein 2 assuming an angle 0 is an angle between a boundary plane, between a region in the upper clad layer along the upper flat plane and a region in the upper clad layer along the Slant plane, and the Slant plane of the active layer, or an angle between a first virtual plane and the Slant plane of Said active layer, the first Virtual plane being made by extending a boundary plane, between a region in the lower clad layer along the upper flat plane and a region in the lower clad layer along the Slant plane, into the upper clad layer, the angle 0 at least at a partial first depth region, on the active layer Side, in one of the upper and lower clad layers is different from the angle 0 at a Second depth region in the one clad layer and more remote from the active layer than the first depth region.
The area of light emission distribution of a Semiconductor laser with a light emitting Slant plane is ellipsoidal having a longer axis generally parallel to the Slant plane of the active layer. The polarization direction of a laser beam changes with the angle 0 defined by the boundary plane at the first depth region. By properly Setting this angle 0, the polariza tion direction can be set to a desired direction.
If the angle 0 is shifted from 90 degrees, carriers are injected concentratedly into the upper or lower area of the Slant portion of the active layer. With this concentration, carriers radiate light at the Stable area. If the angle 0 at the Second depth region in the clad layer is made different from the angle 0 at the first depth region and properly Set, the radiative area can be Stabilized.
According to another aspect of the present invention, there is provided a Semiconductor laser wherein the angle 0 at the first depth region is generally 90 degrees.
By Setting the angle 0 at the first depth region to generally 90 degrees, the polarization direction can be set near along the direction of the Slant plane of the active layer.
According to another aspect of the present invention, there is provided a method of manufacturing a Semiconduc tor laser comprising the Steps of preparing a stepped Sub Strate of group III-V compound Semiconductor exposing on a Surface thereof upper and lower flat planes having a (10 O) plane or (n 11) A plane (n being a real number, 7.<n) and a Slant plane having an (m 1 1) A plane (m being a real number, 2sms 7), the Slant plane coupling the upper and lower flat planes; forming a lower clad layer of group III-V compound Semiconductor formed on the Surface of the Stepped Substrate, through metal organic vapor phase epit axy; forming an active layer directly on the lower clad layer, the active layer having two flat planes exposing the (100) plane or (n 11) A plane (n being a real number, 7.<n) and a Slant plane exposing a (k1 1) A plane (k being a real number, 3sks 7), the Slant plane coupling the two flat planes; and forming an upper clad layer of group III-V compound Semiconductor directly on the active layer through metal organic vapor phase epitaxy, the upper clad layer including a current blocking layer formed in regions along the flat plane at a certain depth, wherein at least one of the lower clad layer forming Step and the upper clad layer forming Step comprises: a first Step of growing group III-V compound Semiconductor by Supplying Source gases at a first V/III ratio; and a Second Step of growing group III-V compound Semiconductor by Supplying Source gases at a Second V/III ratio different from the first V/III ratio.
The angle between the boundary plane between the region along the flat plane and the region along the Slant plane respectively of the upper or lower clad layer, and the Slant plane of the active layer, can be controlled by changing the V/III ratios when group III-V compound semiconductor layers are grown.
According to another aspect of the present invention, there is provided a Semiconductor laser comprising: a Stepped Substrate of group III-V compound Semiconductor exposing on a Surface thereof upper and lower flat planes having a (100) plane or (n 1 1) A plane (n being a real number, 7.<n) and a Slant plane having an (m 11) A plane (m being a real number, 2sms 7), the Slant plane coupling the upper and lower flat planes, a lower clad layer of group III-V compound Semiconductor formed on the Surface of the Stepped SubStrate; an active layer directly formed on the lower clad layer, the active layer having two flat planes exposing the (100) plane or (n 11) A plane (n being a real number, 7.<n) and a Slant plane exposing a (k 1 1) A plane (k being a real number, 3sks 7), the Slant plane coupling the two flat planes, and an upper clad layer of group III-V compound Semiconductor directly formed on the active layer, the upper clad layer including a current blocking layer formed in regions along the flat plane at a certain depth, wherein at least one of the upper and lower clad layers includes a Strain layer disposed in parallel to the active layer, the Strain layer containing Strains.
By inserting the Strain layer in parallel to the active layer, an off-angle of the polarization direction from the longer axis direction of the ellipsoidal area of light emission distribution can be made Small.
AS described above, a Semiconductor laser with a light emitting Slant plane can be provided which has a relatively Small off-angle of the polarization direction from the direc tion of the Slant plane of the active layer, while retaining a An AlGainPlayer 7 is formed on the first p-type clad layer 6, the AlGanP layer 7 having an n-and p-type regions doped with Se and Zn. As indicated by black circles in FIG. 2, n-type impurities Se are heavily doped in the (100) plane region, and less doped toward the (311) A plane region, and as indicated by white circles, p-type impurities Zn are heavily doped at the (311) A plane, and less doped toward the (100) plane region. Therefore, in the AlGalnPlayer 7 doped with Se and Zn, the amount of doped impurities changes with crystal orientation, and the carrier concentra tions indicated at black and white Squares are eventually obtained. The region at the (100) flat plane is an n-type, and the region near the (311) A plane is a p-type.
As shown in FIG. 1 , the AlGainPlayer 7 therefore has a p-type Second clad layer 7a at the Slant plane portion and an n-type current block layers 7b at the flat plane portions.
On the AlGanPlayer 7, a p-type AlGainP third clad layer 8, a p-type GainPintermediate layer 9, and a p-type GaAs contact layer 10 are stacked in this order.
The laminate from the buffer layer 2 to the contact layer 10 is formed by a series of MOVPE processes to manufac ture a Semiconductor laser of the 0.6 um band.
Although a Semiconductor laser having a light emitting Slant plane has low astigmatism, if the width of the Slant S plane is Set to about 3 um, light is hard to emit at the whole region of the Slant plane. Instead, it radiates at the upper or lower area of the Slant plane, and light distribution localized at the upper area transits to the lower area or Vice versa. The radiative area is therefore unstable.
The reasons of forming unstable radiative areas will be discussed.
As shown in FIG. 3A , it is assumed that an n-type Semiconductor Substrate 111a has flat plane portions and a Slant plane portion, and on the Substrate 111a an n-type lower clad layer 112a, an active layer 113a, and a p-type upper clad layer 114a are formed.
The boundaries between the flat plane portions and the Slant plane portion of the p-type upper clad layer 114a gradually move toward the left as the layer 114a is grown. In each of the flat plane portions of the p-type upper clad layer 114a, an n-type current blocking layer 115a is formed at the intermediate position, in the vertical direction, of the clad layer 114a because of a difference in the doping or incorporating probability between p-and n-type impurities.
Therefore, carriers entering a Slant plane Segment BF of the active layer 113a can be considered to be incident thereto from a Slant plane Segment DG of the upper plane of the upper clad layer 114a. If a foot E of a perpendicular drawn from the middle point C of the segment DG onto the slant plane portion of the active layer 113a coincides with the middle point A of the Slant plane Segment BF, then a probability of light emission in the upper half portion AF is equal to a probability of light emission in the lower half portion BA.
If a carrier Supply Source does not distribute uniformly over the Slant portion segment DG but is biased either to the right or left half of the segment DG, a probability of light emission at the right or left half slant portion BF increases. This may be the reason of forming unstable radiative areas. 6 growth temperature of (Alo, Gao)os Inos P. The ordinate represents a ratio R=t1/t2, and the abscissa represents a growth temperature C., where t1 is a thickness at the flat plane portion and t2 is a thickness at the Slant plane portion.
A curve R1 stands for a V/III ratio C. of 300, and a curve R2 stands for a V/III ratio C. of 180. The flat plane portion has a plane with an off-angle 6 from the (100) plane, and the Slant plane portion has the (411) A plane.
As shown in FIG. 4 , the film thickness ratio R lowers as the temperature rises. At the V/III ratio C. of 180, the film thickness ratio is 1 or higher at the temperature lower than about 715 C., and 1 or lower at the higher temperature. At the V/III ratio C. of 330, the film thickness ratio is larger than 1 in the temperature range from 690 to 730 C., and lowers from about 1.7 to about 1.1 as the temperature rises.
By properly Selecting a growth temperature or V/III ratio, a desired film thickness ratio R can be obtained.
The far field pattern of the semiconductor laser shown in FIG. 3A or 3B has a single peak. However, the near field pattern has double peaks or is asymmetric, in Some cases. The present inventor and his colleagues has proposed in the disclosure of Japanese Patent Laid-open Publication No. Hei 7-202314 to obtain a near field pattern with a single peak by Setting an angle between a linear extension of the flat plane and the Slant plane of the active region 113 to 120 or smaller, or setting the width of the Slant plane segment BF or B'F' of the active region 113 to 2.5 um or narrower.
A Semiconductor laser having a Stable radiative area and a near field pattern with a single peak can thus be formed. Laser beams distribute in an ellipse area 116 near the Slant plane portion of the active layer 113. The longer axis of the ellipse area 116 is parallel to the active layer 113. However, the polarization direction of the laser beam is inclined by an angle 0 relative to the Slant plane of the active layer, as indicated by an arrow 117. The polarization direction of a laser beam is therefore rotated from the longer axis of the ellipse area 116. Such a laser is not Suitable for a light Source of an apparatus Such as a magneto-optical disk drive which utilizes rotation of a polarization direction of a laser beam. It is desired that the longer axis of the ellipse area of light intensity distribution is coincident with the polarization direction.
The inventor has found that the angle 0 between the polarization direction and the Slant plane of the active layer depends on an angle 0 between the boundary plane, between the Slant plane portion and the upper flat plane portion, and the Slant plane of the active layer. At the angle 0 of 60 degrees, the angle 0 is about +15 degrees. AS the angle 0 increases, the angle 0 decreases. At the angle 0 of about 90 degrees, the angle 0 is about 0 degree, i.e., the polarization direction is generally parallel to the Slant plane portion of the active layer.
In FIGS. 5 and 6, the angle between the boundary plane, between the Slant plane portion and the upper flat plane portion, and the Slant plane of the active layer is used in the above description. There are two boundary planes 120 and 121 in FIG. 5. Only one boundary plane may be used if the two boundary planes between the Slant plane portion and flat plane portions are parallel. However, Strictly Speaking, these two boundary planes are not parallel. In Some cases, the angle 0 between the boundary plane, between the Slant plane portion and the upper flat plane portion, and the Slant plane differs by 20 degrees or more from the angle (p between the boundary plane, between the Slant plane portion and the lower flat plane portion, and a virtual plane made by linearly extending the Slant plane to the lower flat plane. The angle (p shown in FIG. 5 is equal to the angle between a Virtual plane which is made by extending a boundary plane, between the Slant plane portion and the lower flat plane portion, into the lower clad layer 112, and the Slant plane. In Such cases, an angle 0 or p is Set to about 90 degrees, or an average of the two angles 0 and p is set to about 90 degrees.
As The pit defect density is about 10cm at a V/III ratio of about 130, and lowers as the VIII ratio is reduced. At the V/III ratio of 250 or higher, the pit defect density becomes 10cm or lower. Therefore, if an AlGainP clad layer is grown at a V/III ratio of 250 or higher before the GaAs contact layer is grown, an increase of pit defects can be Suppressed.
The inventor has also found that unstable radiative areas and degradation of a single peak of the near field pattern can be Solved, by Setting the angle between the Slant plane and boundary planes to about 90 degrees only near at the active layer, and by making the film thickness at the Slant plane portion thicker than that at the flat plane portions. The reason of this can be ascribed to that the polarization direction is mainly determined by the layer Structure near the active layer and that radiative areas and near field pattern are influenced not only by the layer Structure near the active layer but also by the layer Structure in the wider range. An n-type buffer layer 21 is formed on the stepped substrate 20 having the slant plane portion. The buffer layer 21 is a two-layer structure of a GaAs layer and a Gaos InsP layer. First, a GaAs layer is grown 1.5um thick by MOVPE, having an n-type carrier concentration of 5x107 cm. The Source gases used are trimethylgallium (TMG) and arsine (ASH), the dopant is disilane (SiH), the V/III ratio is 100, the growth temperature is 670 C., and the growth speed is 1 um/hour.
A growth pressure is 50 torr, the total flow of Source gases is 8 slim, the growth efficiency is about 800 um/mol, and the carrier gas is hydrogen. These conditions about a growth preSSure, the total flow of Source gases, the growth efficiency, and the carrier gas are used in common for each layer grown by MOVPE.
Next, while the growth temperature is gently changed from 670 C. to 710 C., an n-type Gas Inos Player is grown 0.1 um thick, having a carrier concentration of about 1x10' cm. The Source gases used are triethylgallium (TEG), trimethylindium (TMI), and phosphine (PH), the dopant is SiH, the V/III ratio is 500, and the growth speed is 1 tim/hour.
Next, an n-type (Alo, Gao)os Inos P clad layer 22 is grown 1.5 um thick, having a carrier concentration of about 5x10'7cm. The source gases used are trimethylaluminum (TMA), TEG, TMI, and PH, the dopant is SiH, the V/III ratio is 330, the growth temperature is 710 C., and the growth Speed is 2 tim/hour. AS Seen from the graph shown in FIG. 4 , the film thickness ratio R of about 1.3 is obtained under the above conditions, while the Slant plane portion of the clad layer 22 gradually moves to the lower flat plane portion.
Next, an n-type (Alo, Gao)os Inos P clad layer 23 is grown 0.5 um thick, having a carrier concentration of about 5x10'7cm. The V/III ratio of the source gases is 160, and the other conditions are the Same as the growth conditions of the n-type (Alo,Gao)os Inos P clad layer 22. At the growth temperature of 710° C. and the V/III ratio of 160, the clad layer 23 grows while boundary planes between the slant plane portion and the flat plane portions become perpen dicular to the Slant plane.
Next, an MOW active layer 24 is grown. As shown in  FIG. 8B , the MOW active layer 24 has a laminate structure of guide (barrier) layers 45a of (AloGao)os Inos P and quantum Well layerS 45b of Gao Inos ASoosPolo alter nately Stacked one upon another. The quantum well layer has about 1% strains. Four guide layer each 5 nm thick are grown, and three quantum well layers each 6 nm thick are grown. The V/III ratio for the guide layer is 400, and that for 9 the quantum well layer is 500. The growth temperature is 710 C. and the growth speed is 1 tim/hour.
Returning back to FIG. 8A , on the active layer 24 a p-type (Alo,Gao)os Inos P clad layer 25 is grown 0.1 um thick. The source gases used are TMA, TEG, TMI, and PH, the dopant is dimethylzinc (DMZn), the V/III ratio is 160, the growth temperature is 710 C., and the growth speed is 2 tim/hour. The doping conditions are Selected So that the p-type carrier concentration is 6x10" cm at the Slant plane portion and 1x107 cm at the flat plane portion.
Next, a clad/blocking layer 26 of (Alo, Gao)os Inos P is grown. The source gases used are TMA, TEG, TMI, and PH, the V/III ratio is 160, the growth temperature is 710 C., and the growth Speed is 2 um/hour. The layer 26 is grown by alternately using DMZn as the p-type dopant and HS as the n-type dopant, and repeating thirty cycles each 5 nm thick, to obtain the total film thickness of 0.30 lum. The dependency of S doping amount upon crystal orientation is greater than that of Se shown in FIG. 2 . The doping conditions are Selected to Satisfy the follow ing carrier concentrations. Namely, the p-type carrier con centration of a p-type thin layer at the Slant plane portion doped with Zn is about 1.2x10 cm, the p-type carrier concentration at the flat plane portion doped with Zn is about 2x10 cm, the n-type carrier concentration of an n-type thin layer at the Slant plane portion doped with S is about 1x107 cm, and the n-type carrier concentration at the flat plane portion doped with S is about 8x10" cm. Therefore, at the flat plane portions, p-type layers and n-type layers are laminated, and at the Slant plane portion, p"-type layers and n-type layers are laminated.
Since the Zn concentration of the Zn-doped layer at the Slant plane portion is high, Zn diffuses and propagates into the S-doped n-type layer. Therefore, the p-type carrier concentration at the Slant plane portion becomes about 6x10'7 cm which is about a half of the carrier concentra tion before Zn is diffused. Since the n-type carrier concen tration of the S-doped n-type thin layer at the Slant plane portion is about 1x10'7cm, the slant plane portion 26a of the clad/blocking layer 26 becomes a p-type. The flat plane portions 26b of the clad/blocking layer 26 becomes an n-type functioning as a current blocking layer.
Although the clad/blocking layer 26 is formed by alter nately doping p-and n-type impurities, it may be formed by doping both p-and n-type impurities at the same time. In this case, p-and n-type impurities are uniformly doped at the flat and Slant plane portions, and they are compensated each other to form the flat plane portion of an n-type and the Slant plane portions of a p-type. If Cd is used as the p-type impurities instead of Zn, a crystal orientation dependency becomes greater than Zn.
On the clad/blocking layer 26 a p-type (Alo, Gao.) Inos P clad layer 27 is grown 0.1 um thick. The Source gases used are TMA, TEG, TMI, and PH, the dopant is DMZn, the V/III ratio is 160, the growth temperature is 710 C., and the growth speed is 2 um/hour. The doping condi tions are Selected So that the p-type carrier concentration is about 6x10'7 cm at the slant plane portion and about 1x107 cm at the flat plane portion.
At the growth temperature of 710 C. and the V/III ratio of about 160 being set while the clad layers 25 to 27 are formed, boundary planes between the Slant plane portion and the flat plane portions become generally perpendicular to the Slant plane portion.
On the p-type clad layer 27, a p-type (Alo, Gaos)osinos P clad layer 28 is grown about 1.5um thick. The Source gases used are TMA, TEG, TMI, and PH, the dopant is DMZn, the V/III ratio is 330, the growth temperature is 710 C., and the growth speed is 2 um/hour. Under these growth conditions, Since the film thickness ratio R is about 1.3 as seen from the graph shown in FIG. 4 , the clad layer 27 grows while gradually moving its Slant plane portion toward the lower flat plane portion. The doping conditions are Selected So that the p-type carrier concentration becomes higher at the Slant plane portion than at the flat plane portions, for example, 6x10'7 cm at the slant plane portion and 1x107 cm at the flat plane portions.
By Setting the carrier concentration at the Slant plane portion higher than at the flat plane portions, a Suitable current path can be formed.
Next, a p-type Gas Inos Pintermediate layer 29 is grown about 0.1 um while gradually lowering the growth tempera ture from 710 C. to 670° C. The source gases used are TEG, TMI, and PH, the dopant is DMZn, the V/III ratio is 500, and the growth Speed is 1 tim/hour. The doping conditions are Selected So that the p-type carrier concentration becomes 1x10" cm at the slant plane portion.
Lastly, a p-type GaAS contact layer 30 is formed 5 um thick, having a p-type carrier concentration of about 2x10' cm at the Slant plane portion. The Source gases used are TMG and ASH, the dopant is DMZn, the V/III ratio is 100, the growth temperature is 670 C., and the growth speed is 1 um/hour.
After a series of MOVPE processes described above, the Semiconductor Substrate is taken out of the epitaxy System, and Separated into independent devices by forming trenches cutting at least the p-type regions, for example, at a width of 100 um wide. On the bottom of the GaAs substrate 20, for an n-side electrode a laminate of an Aulayer, a Gelayer, and an Au layer is deposited through vapor deposition, and for a p-side electrode a laminate of an Au Zn layer and an Au layer is deposited through vapor deposition on the p-type GaAs contact layer 30. Thereafter, the substrate is cleaved into chips having, for example, a width of 300 um and a length of 700 lum. Each chip is bonded to a heat sink, with the p-type regions disposed upward.
Si is doped in the n-type clad layer So as not to make the n-type concentration at the Slant plane portion lower than at the flat plane portions. If Cd is used as the dopant for the p-type clad layer, a resistivity can be lowered further.
The semiconductor laser shown in FIGS. 8A and 8B has the Structure that an angle between the Slant plane and the boundary planes between the Slant and flat plane portions at the clad layers 23, 25, 26, and 27 near the active layer 24, is about 90. As a result, the polarization direction is generally aligned along the Slant plane of the active layer, as described with FIG. 6. In this specification, the angle of "about 90 is intended to mean an angle in the range from 80 to 100. It is not necessarily required that the angle between the Slant plane and the boundary planes between the Slant and flat plane portions is about 90. The polarization direction is also possible to be set along the active layer Slant plane if the angle at a depth region near the active region is set nearer to 90 than at a depth region far from the active region. The clad layers 22 and 28 have the structure that the Slant plane portion moves toward the lower flat plane portion as the layers are grown, like the Structure described with This laminate structure from the clad layer 42 to clad layer 49 is formed on an n-type buffer layer 41 grown on an n-type stepped GaAs substrate 40. On the surface of the clad layer 49, a p-type GainPintermediate layer 50 and a p-type GaAs contact layer 51 are laminated in this order.
As shown in FIG. 9 , in the laminate structure from the clad layer 44 to clad/blocking layer 47 near the active layer 45, since the boundary planes between the flat and slant plane portions are made generally perpendicular to the Slant plane, it can be considered that the polarization direction is generally along the Slant plane of the active layer. Furthermore, Since the laminate Structure from the clad layer 44 to clad/blocking layer 47 is sandwiched between the clad layers 43 and 48 with the slant plane portions gradually moving toward the upper flat plane portions, carriers con centrate near the center of the active layer So that the radiative area becomes Stabilized and the near field patter n with a single peak can be formed.
This structure is, however, associated with a problem of a large pit defect density shown in FIG. 7 because the V/III ratio is smaller than 250 when the clad layers 43 and 48 are grown. In order to Suppress the generation of pit defects, it is preferable to Sandwich the laminate Structure from the clad layer 43 to clad layer 48 between the clad layers 42 and 49 which are grown at a V/III ratio larger than 250. Semiconductor lasers of the first and Second embodiments were manufactured at various V/III ratios when clad layers are grown. From the measurements of light emission char according to the third embodiment, mainly aiming at reduc ing a threshold current by using a small V/III ratio when clad layers are grown.
A strain MOW active layer 64 made of a laminate of GainASP layers and AlGalnPlayers is formed between an upper p-type AlGainP clad layer 65 of 0.1 um thick and a lower n-type AlGainP clad layer 63 of 0.1 um thick. The clad layers 63 and 65 are grown at a V/III ratio of 110 to make the Slant plane portions gradually move toward the upper flat plane portions.
This laminate structure from the clad layer 63 to clad layer 65 is further sandwiched between the upper three layers and a lower layer. The upper three layers include a p-type AlGainP clad layer 66, an AlGanP clad/blocking layer 67, and a p-type AlGainP clad layer 68. The lower layer is an n-type AlGainP clad layer 62. The slant plane portion 67a of the clad/blocking layer 67 is a p-type, and the flat plane portions 67b thereof are an n-type, the clad/blocking layer functioning as a current confinement layer. The clad layers 62, 66, and 68 and clad/blocking layer 67 are grown at a large VIII ratio to make the Slant plane portions gradually move toward the lower flat plane portions.
This laminate structure from the clad layer 62 to clad layer 68 is formed on an n-type buffer layer 61 grown on an n-type GaAs stepped substrate 60. On the surface of the clad layer 68, a p-type GainPintermediate layer 69 and a p-type GaAs contact layer 70 are laminated in this order.
In the semiconductor laser shown in FIG. 11 If the clad layers 63 and 65 are made thin, it can be considered that the polarization direction is influenced more by the outer clad layers than the inner clad layers 63 and 65. The clad layers 63 and 65 rotate the polarization direction in one direction, whereas the outer clad layers 62, and 66 to 68 rotate the polarization direction in the reverse direction. Therefore, by adjusting the thicknesses of the clad layers 63 and 65 and an inclination of boundary planes between the flat and Slant plane portions at each clad layer, it can be expected that the functions of rotating the polarization direction can be cancelled out and the polarization direction 13 can be set along the Slant plane of the active layer. In order to Sufficiently cancel out the functions of rotating the polar ization direction, the preferable thicknesses of the clad layers are Supposed to be 0.2 um or thinner.
If a Semiconductor laser is used for technical fields not depending upon the polarization direction, its threshold current can be reduced by using as Small a V/III ratio as possible when the clad layers 63 and 65 are grown.
Next, a semiconductor laser of the fourth embodiment will be described with reference to FIG. 12.
The inventor found Strains generated near the boundary area between the flat and Slant plane portions when the croSS Sections of Semiconductor laser having the Structure shown in FIG. 3B was observed with a transmission type electron microscope (TEM). One of the reasons of rotating the polarization direction may be ascribed to these Strains. It has been found that the polarization direction rotates in a direc tion perpendicular to a direction along which Strains extend. It can be presumed that if a Strain layer is intentionally formed in parallel to the active layer, the influence by Strains near the boundary area between the flat and Slant plane portions can be reduced relatively. This laminate structure from the clad layer 83 to clad layer 87 is formed on an n-type AlGainP clad layer 82. The clad layer 82 is formed on an n-type buffer layer 81 grown on an n-type GaAS Stepped Substrate 81.
The clad layer 82 was grown to a thickness of 1.5 um under the conditions of the source gases of TMA, TEG, TMI, and PH, the growth temperature of 710°C., the V/III ratio of 400, and the growth speed of 2 tim/hour. SiHe was used as the dopant, and the n-type carrier concentration was set to 5x107 cm.
The In composition of the clad layers 83 and 87 is set more than that of the clad layer 82 to generate 0.3% of contraction strains. The In composition of the clad layers 84 and 86 is set less than that of the clad layer 82 to generate 0.3% of extension strains.
On the clad layer 87, a p-type AlGalnP clad layer 88, an AlGalnP clad/blocking layer 89, and a p-type AlGainP clad layer 90 are formed in this order. The clad layers 88 and 90 and clad/blocking layer 89 are lattice-matched with an n-type GaAS buffer layer 81, and no Strain is generated in these layers. The clad/blocking layer 89 is formed by alternately doping Zn and S to form a p-type at the Slant plane portion 89a and an n-type at the flat plane portions A relatively thick strain layer can be formed without increasing the total amount of Strains by alternately lami nating layers with extension Strains and layers with contrac tion strains. It is preferable to set the strain amount to 0.1% or more in order to obtain the effects of reducing the off-angle of the polarization direction from the Slant plane. substrate may be used which has the (100) plane or (n 11) A plane (7-n, n is a real number) as the flat plane and the (n' 11) A plane (2sn's 7, n' is a real number) as the Slant plane.
If group III-V compound Semiconductor is epitaxially grown on a stepped Substrate having the (n'11) A plane (2sn's 7, n' is a real number) as the Slant plane, the (n" 11) A plane (3sn's 7, n" is a real number) appears on the grown Surface at the Slant plane portion.
In the above embodiments, the angle between the bound ary planes, between the flat and Slant plane portions, and the Slant plane is controlled for both the upper and lower clad layers of the active layer. The angle may be controlled only for one of the upper and lower SideS. The Strain clad layer may be inserted between the clad layers of only one of the upper and lower Sides. Also in the above embodiments, the angle between the boundary planes, between the flat and Slant plane portions, and the Slant plane, has been described without discriminat ing between the upper and lower flat plane portions. If the angles relative to the upper and lower flat plane portions are different, the angle relative to one of the upper and lower flat plane portions may be controlled, or the average angle of the angles relative to both the upper and lower flat plane portions may be controlled.
In the above embodiments, an AlGanP/GaAs based semi conductor laser is used. Other group III-V compound Semi conductor lasers are also considered to have similar phe nomena described above, and So the invention is also applicable to those lasers.
The present invention has been described in connection with the preferred embodiments. The invention is not limited only to the above embodiments. It is apparent to those skilled in the art that various modifications, improvements, combinations and the like can be made without departing from the Scope of the appended claims. 9. A Semiconductor laser according to claim 1, wherein an angle between at least one of Said third, fourth, fifth and Sixth virtual planes and a plane parallel to the Slanted Surfaces measured in a first direction from the plane parallel to the Slanted Surfaces, is larger than an angle between at least one of Said first, Second, Seventh and eighth Virtual planes and a plane parallel to the Slanted Surfaces, measured in the first direction from the plane parallel to the slanted Surfaces. 10. A Semiconductor laser according to claim 1, wherein an angle 0 between at least one of said third, fourth, fifth and Sixth virtual planes and a plane parallel to the Slanted Surfaces measured in a first direction from the plane parallel to the Slanted Surfaces is larger than 90 degrees, and an angle between at least one of Said first, Second, Seventh and eighth Virtual planes and a plane parallel to the Slanted Surfaces, measured in the first direction from the plane parallel to the Slanted Surfaces is Smaller than 90 degrees. 
